Both the finger systolic blood pressure (FSP) and the rewarming test of finger skin are measures of circulation in the finger; the first reflects the vasoconstriction phase and the second the vasodilatation phase. The combinations of the specificity and the sensitivity of these methods were evaluated by a receiver operating characteristic curve (ROC). The aim of the present study was to compare the plethysmographic method of FSP measurement and the rewarming rate of finger skin after local cooling, and to evaluate the suitability of these two tests for screening and diagnosis of Raynaud's phenomenon in workers exposed to vibration.
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Abstract Both the finger systolic blood pressure (FSP) and the rewarming test of finger skin are measures of circulation in the finger; the first reflects the vasoconstriction phase and the second the vasodilatation phase. The combinations of the specificity and the sensitivity of these methods were evaluated by a receiver operating characteristic curve (ROC). The material included 37 vibration-induced white finger (VWF) cases, five primary Raynaud's cases, and 37 controls. The specificity ofthe FSP test was high with regard to the anamnesis of white finger and the test was useful for the diagnosis of Raynaud's phenomenon, but the sensitivity was too low for screening. The The aim of the present study was to compare the plethysmographic method of FSP measurement and the rewarming rate of finger skin after local cooling, and to evaluate the suitability of these two tests for screening and diagnosis of Raynaud's phenomenon in workers exposed to vibration.
Material and methods

SUBJECTS
The subjects were divided into three groups according to their exposure to hand-arm vibration and the anamnesis of white finger: (1) the VWF group comprising 21 reindeer herders exposed to vibration by snowmobiles and 16 railroad workers exposed mainly by track repairing machines (pneumatic hammers); (2) the primary Raynaud's (PR) group containing five railroad workers who had suffered their first attack of white finger before exposure to vibration and when they were less than 25 years old; (3) the control group consisting of 37 men who had not suffered an attack of white finger; the 37 men comprised 20 railroad workers who were exposed to hand vibration and 17 indoor workers without exposure to vibration (table 1) .
Anamnesis data on the exposure to vibration and the hand symptoms were collected with the aid of a questionnaire and checked at an interview. Clinical examinations, cold water immersion tests for an evaluation of the rewarming rate, and measurement of finger systolic blood pressure were carried out during late winter and early spring. (table 2) . The FSP% 10 had a slight negative linear correlation with the time of the exposure to vibration (r = -0-20, p < 0 07), whereas age and smoking had no significant effect on it.
The optimal limit of the FSP% evaluated with ROC in regard to Raynaud's phenomenon was 76% in the present study (fig 1) , which was used as a limit of normal values. Consequently, the specificity of the test to the anamnesis of white finger was as high as 84% (table 3) . The FSP% was lower than this limit among 46% of the VWF cases, 16% of the controls, 1*0- 30 4°C (fig 1) . The sensitivity and the specificity of both indices were close to 70% (table 3) . In this study the rewarming rate was regarded as slow when it was slower than 1-15°C/min. According to this classification 62% of the VWF cases, 30% of the controls, and all PR cases had a slow rewarming rate. If the test is used for screening and the sensitivity should be high, the recommended limit according to the ROC was 1-94°C/min (fig 1) .
COMPARISON OF THE TESTS
In the entire material, only a small positive correlation was found between the FSP% and the rewarming rate (r = 0-26, p > 0-02). Forty seven per cent of all subjects had the opposite results in these two tests ( The .FSP/BSP relation was significantly lower in the group in which the FSP% was decreased (mean 89 (SD 1 1) %) compared with the group in which the FSP% was normal (95 (SD 11) %; p < 0 03). The relation had no connection with the rewarming rate.
If the subjects had been screened first using the rewarming rate (with the limit of 1-94°C/min) and then studied using the FSP% (with the limit of 76%), the combination would have had a sensitivity of 43% and a specificity of 92%.
Discussion
Both the FSP and the rewarming of finger skin temperature reflect the state ofbloodflow in the finger, but the FSP test measures the strength of vasoconstriction in digital main arteries, whereas the rewarming test measures the function of vasodilatation taking skin circulation also into account (fig 2) . Despite this fundamental dissimilarity between the tests, the rewarming rate was slower and the FSP correspondingly decreased more among the white finger cases than the controls, in accordance with many other studies.2358 A more detailed analysis by ROC, however, showed new differences between these tests. As an end result, the FSP test seemed to be appropriate for diagnosing Raynaud's phenomena, whereas the rewarming test seemed to be useful for the screening of primary Raynaud's cases but not for screening VWF. In accordance with previous studies,28 the present results did not show Normal (>1 14°C/min) All n = 27 (34%) All n = 12 (15%) VWF n= 7 (19%) VWF n =7 (19%) Cont n = 20 (54%) Cont n = 5 (14%) Slow(<1 15°C/min) All n = 25 (32%) All n = 15 (19%) VWF n = 13 (35%) VWF n = 10 (27%) Cont n= 11 (30%) Cont n= 1 ( 3%) All n = 52 (66%) n =27 (34%) All = Whole material; VWF = vibration-induced white finger group; Cont = control group.
any substantial differences between the controls, whether they were exposed to vibration or not. Most studies of VWF have been devoted to the examination of vasoconstriction, whereas damage to vasodilatative function has received less attention.
Vibration can cause obstructive lesions" and functional vasoconstrictive changes in vessels in the finger.'2 Sympathetic reflex activity may also be increased among the VWF cases.'3 According to Cohen et al,4 the arteriovenous anastomosis regulated by ,B-adrenergic receptors plays a major part in active vasodilatation in the finger. After cooling, a diminishing of vasoconstriction (passive vasodilatative mechanism) is believed to be important as well."' The relation between active and passive vasodilatative mechanisms, however, is not known. The data on vasodilatative disorders in VWF are negligible and ambiguous,6 17 whereas in primary Raynaud's disease for example, the fJ-adrenergic mechanism can be disturbed6' 8 and often in previous studies the rewarming was delayed among PR cases'920 as well as in the present study, indicating disorders in vasodilatative function.
In the present FSP test whole body cold exposure was mild and some of the test subjects were mild white finger cases as well. This may explain the low sensitivity (50%) in Two different theories could explain why rewarming has often been reported to be delayed in VWF groups. Firstly, when vibration causes organic damage in smooth muscles of arteries, it could also disturb a release of vasoconstriction caused by noradrenaline. This mechanism fits with the VWF group, which had pathological findings in both tests. The second possibility is that exposure to vibration causes Raynaud's phenomenon to appear readily in the workers who have disorders in vasodilatative mechanisms as well as in primary Raynaud's disease and this type of sensitive worker could accumulate in the VWF group. Both hypotheses could also explain why the rewarming test has not been useful for testing individual vibration workers. 
